The demographic history of Rhinolophus hipposideros (lesser horseshoe bat) was reconstructed across its European, North African and Middle-Eastern distribution prior to, during and following the most recent glaciations by generating and analysing a multimarker data set. This data set consisted of an X-linked nuclear intron (Bgn; 543 bp), mitochondrial DNA (cytb-tRNA-control region; 1630 bp) and eight variable microsatellite loci for up to 373 individuals from 86 localities. Using this data set of diverse markers, it was possible to determine the species' demography at three temporal stages. Nuclear intron data revealed early colonization into Europe from the east, which pre-dates the Quaternary glaciations. The mtDNA data supported multiple glacial refugia across the Mediterranean, the largest of which were found in the IberoMaghreb region and an eastern location (Anatolia/Middle East)-that were used by R. hipposideros during the most recent glacial cycles. Finally, microsatellites provided the most recent information on these species' movements since the Last Glacial Maximum and suggested that lineages that had diverged into glacial refugia, such as in the Ibero-Maghreb region, have remained isolated. These findings should be used to inform future conservation management strategies for R. hipposideros and show the power of using a multimarker data set for phylogeographic studies.
Introduction
Well-supported phylogeographic inferences linked to past climatic events provide a powerful tool for predicting how future climatic changes will influence regional biodiversity, which is a grand challenge in modern biology Hickerson et al. 2010; Eckert 2011) . Europe during the Quaternary ice ages experienced massive and intense climate fluctuations culminating in the Last Glacial Maximum (LGM 18-20 kyr, Strandberg et al. 2011) . The far-reaching consequences of these climatic changes on species richness and biodiversity are well documented (Emerson & Hewitt 2005) , as is the role played by the Mediterranean peninsulas as the main, but not exclusive refugia used by European biota during glacial periods (Hewitt 1999) . Following climate warming during the Holocene, species that survived in refugia expanded northwards giving rise to the current phylogeographic structuring of populations (Hewitt 2004) . In addition to the Mediterranean refugia, recent studies of diverse taxa have suggested the presence of refugia-within-refugia (Ursenbacher et al. 2008; CentenoCuadros et al. 2009 ) and additional cryptic or microrefugia (Bilton et al. 1998; Cosson et al. 2005; Kotlik et al. 2006) . These results illustrate the diversity of species-specific responses to climate change, highlighting the need for a multitaxa approach to better predict a biological community's response to climate change (Bermingham & Moritz 1998; Arbogast & Kenagy 2001) . Elucidating the recolonization history of many European taxa that exist in diverse ecological niches will better inform our understanding of the impacts of future climate change on European biodiversity Hickerson et al. 2010; Eckert 2011) . It is predicted that bats with a current Mediterranean distribution, including R. hipposideros, will initially expand their distributions northwards during the coming decades, but will suffer major extinctions in southern Europe by the end of the century (Rebelo et al. 2010) .
Rhinolophus hipposideros is the smallest (6-9 g) of the five horseshoe bat species which occur in Europe (Dietz et al. 2009 ). R. hipposideros is geographically widespread, found throughout the continent of Europe from Ireland in the northwest to Pakistan in the east, and south into northern regions of Africa and Saudi Arabia (Fig. 1 , Jacobs et al. 2008) . There are several proposed subspecies mainly based on morphological characters (Palmeirim 1990; Csorba et al. 2003) and several karyotypic variants within this species have been described (Zima et al. 1992) . R. hipposideros is classified as Near Threatened within Europe by the IUCN (Jacobs et al. 2008) and in the EU Habitats and Species Directive (Annexes II & IV) due to sudden and drastic recent population declines in north-central Europe (Mitchell-Jones 1995) . This species has a long fossil history within Europe dating back to the Pliocene (Storch 1974; Payne 1983) ; however, nothing is known about its phylogeographic history. The only other Rhinolophus species with a similar range in Europe is R. ferrumequinum (greater horseshoe bat). Whilst these species are not phylogenetically Table 1 ) not shown. Species distribution based on Jacobs et al. (2008) shown in dark grey.
close within the Rhinolophidae, they arguably share similar ecological needs and thus may have responded similarly to environmental changes, resulting in shared demographic histories. Phylogeographic studies of R. ferrumequinum showed that this species used refugia in both western Europe (Iberia and/or Italy) and eastern Europe (Balkans/Greece), and also used other more ancient refugia pre-dating the LGM in Asia Minor (Rossiter et al. 2007; Bilgin et al. 2009; Flanders et al. 2009 ) and further east (Flanders et al. 2009 (Flanders et al. , 2011 . Since the advent of phylogeography, mitochondrial DNA has been the marker of choice for animal studies. However, numerous recent studies have questioned the assumptions underlying the use of this marker and the validity of phylogeographic reconstructions when based solely on mtDNA (Hurst & Jiggins 2005; Galtier et al. 2009; Balloux 2010) . Other molecular markers typically used in population-based phylogeography are microsatellites (Rossiter et al. 2007; Earl et al. 2010 ) and less frequently, nuclear introns (Martins et al. 2009; Spinks et al. 2010) . These are both biparentally inherited nuclear markers but evolve at significantly different rates (Randi 2007) . Due to the unique genealogy of each marker, any phylogeographic inference based on a single marker alone may not reflect the true evolutionary history of the species (Godinho et al. 2008; Fulton & Strobeck 2010; Rodr ıguez et al. 2010; Mao et al. 2013) . It is only by combining diverse markers, with varying evolutionary rates and modes of inheritance, that a more complete picture of a taxon's phylogeographic history can be achieved that encompasses different timescales (Flanders et al. 2009; Puechmaille et al. 2011) . Also important for robust inference of historical phylogeographic events is adequate sampling, which ideally should mirror the species' range as far as possible to avoid overlooking localities that could harbour genetic diversity. Therefore, to reconstruct the true evolutionary history of a species, both a multimarker data set and adequate sampling in the geographic area of interest are required.
Here, we present a detailed phylogeographic study of R. hipposideros based on three independent marker data sets chosen for their diverse paths of inheritance and range of mutation rates (mtDNA, a nuclear intron and microsatellites) across its Western Palaearctic distribution. We compare and contrast the different inferences from each marker and hypothesise that R. hipposideros should show similar demographic history to R. ferrumequinum given their presumed similar ecological requirements. We therefore predict that R. hipposideros survived the ice age in one or more Mediterranean refugia, in addition to refugia in the Middle East, and that loss of genetic diversity during recolonization will have led to reduced diversity at the northwest limit of the colonization front. Through the use of diverse molecular markers, we also elucidate past demographic events, which occurred before and after the formation of glacial refugia during the Quaternary ice ages.
Materials and methods

Sampling and DNA extraction
Tissue samples or extracted DNA of R. hipposideros were collected from 86 localities across the species' range (Table 1 ; Fig. 1 ). Tissue samples were typically 3-mm biopsies of the wing membrane taken using a sterile biopsy punch (Stiefel Laboratories, Offenbach Germany). Samples were stored at À20°in 100% ethanol or desiccated in silica gel (Sorbead orange Chameleon, Hannover Germany). Additionally, we also included samples of DNA extracted from R. hipposideros faeces collected in Brittany, France, using noninvasive sampling techniques ) that have been shown to provide results similar to tissue samples (Boston et al. 2012) . Whole genomic DNA was extracted using either a modified salt-chloroform extraction as described in Puechmaille et al. (2011) or a Promega Genomic DNA purification system (Promega, WI, USA). Extracted samples were quantified on a NanoDrop â ND-1000 Spectrophotometer (Thermo Fisher Scientific).
Nuclear intron amplification and analysis
Intron 4 of the biglycan gene (Bgn) was amplified for a geographically representative subset of samples (n = 125). A subset was used due to the expected low molecular diversity of this intron. The 600-bp fragment was amplified using primers published by Lyons et al. (1997) . PCRs were carried out in 25 lL reaction volumes containing 2 lL of DNA (10 ng/lL), 1X PCR buffer without Mg (Invitrogen, CA, USA), 1.5 mM MgCl 2, 0.4 lM each primer, 0.2 mM dNTPs and 1 U Platinum Taq DNA Polymerase High Fidelity (Invitrogen, CA, USA). PCRs were carried out on a T3000 Thermocycler (Biometra, G€ ottingen, Germany) under the following conditions: 95°C for 10 min; 2 cycles of 95°C for 15 s, 65°C for 30 s, 72°C for 1 min; followed by 2 cycles each at annealing temperature in 2°C decrements from 65°C (63°C-55°C); 72°C for 5 min. PCR products were purified using Exo-SAP (Roche, Basel, Switzerland), following the manufacturer's protocol. Amplicons were sequenced using Sanger sequencing by Macrogen Inc. (Seoul, Korea). Sequences were edited using Sequencher v.4.7 (Gene Codes Corp. MI, USA) and aligned manually using Se-Al 2.0 (Rambaut 1996) with a resulting alignment length of 543 bp. As Bgn is located on the X-chromosome, the data set was analysed in PHASE 2.1 (Stephens & Donnelly 2003) to reconstruct unknown haplotypes (females heterozygous at more than one site) from known haplotypes (males and homozygous females). Standard molecular diversity statistics were calculated in ARLEQUIN 3.5.1.3 (Excoffier & Lischer 2010) . Haplotype data were used to construct a median-joining network using NETWORK 4.6.1.1 (Bandelt et al. 1999) to illustrate graphically the relationships among the haplotypes.
mtDNA amplification
Two primer pairs were used to amplify overlapping PCR products, which together constituted the entire cytochrome b, tRNAs (threonine, proline) and partial control region. PCR amplifications, sequencing and alignment were carried out as described above for Bgn, using the primer pairs mtDNA-R3-F/mtDNA-F3-R and mtDNA-R2-F/mtDNA-F2-R (Puechmaille et al. 2011) , resulting in an alignment length of 1630 bp for all samples ( Fig. S1 , Supporting Information).
mtDNA analysis
Standard molecular diversity statistics were calculated in ARLEQUIN. Diversity measures were also reported for geographic groupings based on highly supported clades from the mtDNA Bayesian analysis. Sequences were collapsed into haplotypes using FaBox (Villesen 2007) , and a median-joining (MJ) haplotype network was constructed in NETWORK. Phylogenetic reconstructions were performed using Bayesian inference in BEAST v1.7.4 Puechmaille et al. (2012b) . (Drummond & Rambaut 2007) . The TrN+G+I substitution model was used as determined by jMODELTEST 2.1.1 (Guindon & Gascuel 2003; Darriba et al. 2012) . Three species of Rhinolophidae were specified as outgroups (R. formosae, R. monoceros, R. pumilus; GenBank Accession nos: EU166918, NC_005433, AB061526). The constant population size coalescent was used as a tree prior as it was estimated to be the most likely prior for our data following comparisons of likelihood scores of multiple MCMC runs with all alternative tree priors. Three independent runs of 10 million generations sampled every 1000 were combined in TRACER v1.5 (Rambaut & Drummond 2007) to confirm convergence on the same posterior distribution in the MCMC runs. The first 1 million runs (10%) were discarded as burn-in.
To assess the mutation rate, we annotated and identified the start and stop positions of the tRNAs, cytb, control region ETAS and central domain using: the online published R. hipposideros sequences of cytb (DQ297586.1), ARWEN v.1.2 (Laslett & Canback 2008) to identify the tRNAs and a multispecies alignment of the mammalian control region mtDNA (Sbis a et al. 1997) to annotate the partial control region. Rates of mutation for all of the defined regions have not been published for any bat species to date; therefore, we used the mutation rate estimated from the most phylogenetically close published sequences for this region (Orders Perissodactyla and Carnivora; Meredith et al. 2011; Pesole et al. 1999) . The overall substitution rate for the entire fragment was estimated by combining the substitution rates contributed by the functional regions relative to their lengths (cytb length 1108 bp, substitution rate 19.7; tRNA 138 bp, substitution rate 3.2; control region HV1 351 bp, substitution rate 20.3; control region central domain 33 bp, substitution rate 4.25; substitution rates expressed as 10 À9 subs/site/year). The estimated substitution rate was 1.8% per site per million years with 1.4% as the lower bound and 2.1% as the upper. This rate was used to establish approximate dates for the most recent common ancestor of major clades in the phylogenetic gene tree for this species and to estimate times of population expansions.
Genetic distances between supported clades in the mtDNA analysis were calculated in MEGA v 5.1 (Tamura et al. 2011) . Estimates of standard error were obtained by a bootstrap procedure (1000 replicates). Analyses were conducted using the Tamura-Nei model with rate variation among sites modelled with a gamma distribution (shape parameter = 0.803). All positions containing gaps and missing data were eliminated prior to analysis. Pairwise Φst values between supported clades were calculated and tested in ARLEQUIN (10 000 replicates).
Isolation by distance was calculated between populations across the entire data set (min. 5 individuals per population) and also within well-supported clades corresponding to sets of populations reported from the phylogenetic analysis. When our sampling was geographically sparse, we pooled individuals within a 200 km radius, which was shown to be the distance at which all mitochondrial haplotypes were shared or highly similar within clades. F ST among populations (Slatkin's linearized F ST ) was calculated and tested in ARLEQUIN (1000 permutations), and the distance matrix was calculated using Geographic Distance Matrix Generator v 1.2.3 (American Museum of Natural History 2010). Significance between Euclidian geographic distance and genetic distance matrices was assessed using a Mantel test (99999 permutations) implemented in the ecodist package (Goslee & Urban 2007) in R v 2.15.2 (R Development Core Team 2012). Demographic and/or spatial population expansion events were investigated using the mismatch distribution implemented in ARLE-QUIN for clades, which were defined in the Bayesian phylogenetic analysis. Time of expansion in generations (t) was estimated from τ = 2ut (Rogers & Harpending 1992) using the Mismatch Calculator (Schenekar & Weiss 2011) . The generation time for R. hipposideros was estimated to be 2 years on average with a range of 1-3 years (Gaisler 1966) .
Microsatellite amplification and analysis
All eight microsatellite loci (Table 2 ) used in this study were previously developed for this species (Puechmaille (Jost 2008 
Results
Nuclear intron: genetic diversity and phylogenetic structure There were 22 haplotypes among the 125 samples used in the nuclear intron study (GenBank Accessions KC978153-KC978343) with a maximum difference of seven base pairs between the most divergent haplotypes. Haplotype and nucleotide diversity levels were highest in individuals from the east of the species range in Iran, Cyprus and Turkey (Table S1 , Supporting Information; Fig. 2 ). The eastern individuals (n = 23) contained a total of 17 haplotypes (Fig. 3) . The remainder of the samples taken from populations across Europe and north Africa all shared a haplotype that occurs at high frequency, or a haplotype closely related to this, with two exceptions: a Slovakian bat (pale blue in the east group, Fig 3) more easterly group and likewise a Sardinian bat (pink in the east group, Fig 3) shared a haplotype with two Egyptian bats despite the large geographic distance between these locations (Fig. 3) .
mtDNA: genetic diversity and phylogenetic structure Suspected nuclear copies of the mitochondrial genome (NUMTS) were identified (n = 5) at initial sequence analysis by unusually high divergence from the rest of the data set (though none with stop codons in cytb). These, with 15 randomly selected individuals, were reamplified for a larger fragment of mtDNA (primers mtDNA-R3-F/mtDNA-F2-R; 1800 bp) which amplified the correct homologous stretch of mtDNA.
A total of 135 haplotypes were found in the 373 individuals based on the 1630-bp fragment of mtDNA amplified (GenBank Accessions KC978344-KC978716). Haplotype diversity varied between localities (Table S2 , Supporting Information; Fig. 2 ). All measures of genetic diversity were highest in the east of the species range (Turkey, Crete, Cyprus), with further diverse populations located in southern Iberia and Bulgaria. Among the least diverse populations were those from Ireland and Britain at the northwest limits of the species' range, despite having the highest levels of sampling from this region.
The Bayesian phylogenetic tree and the phylogenetic network based on mtDNA suggested high levels of geographic structuring (Fig. 4) , including a large group from the east of the range ('East clade'), numerous distinct groups located across the Mediterranean and a large group comprising populations that span northwestern to central Europe ('West clade'). All supported population groups were found to be genetically distinct from each other, with divergence ranging from 1.1% up to 3.8% between clades (Table 3) , and all pairwise Φst values were significant except those between the Crete/ Balkan clades and Crete/South Italy-Malta clades (Table  S3 ; Supporting Information). Within the genetically diverse East clade (0.99 Bayesian posterior probability: BPP; Fig. 4 ), populations showed further geographic structuring, dividing into a Middle East subclade (Lebanon, Syria, Turkey, Israel; 0.96 BPP) and a Cyprus subclade (with a single individual from Crete; 1 BPP). Basal to the East clade, there were individuals from Tajikistan, which were highly dissimilar to the remainder of this clade. The several Mediterranean population groups included populations from southern Iberia and Morocco ('Ibero-Maghreb clade'; 0.99 BPP), Crete, northern Iberia, Tunisia, the Balkans and southern ItalyMalta (all 1 BPP), all of which contained haplotypes unique to their region. The remainder of the network Tajikistan Fig. 4 Bayesian phylogenetic tree and Median-joining haplotype networks for R. hipposideros based on 1630bp of mtDNA (cytb, tRNA proline and threonine and partial control region). Bayesian posterior probabilities (BPP) greater than 0.85 are shown above branches. Proportional geographic origin of shared haplotypes is indicated in colour at the branch tips, and major supported clades are indicated by black bars. Median-joining haplotype networks for each clade supported in the phylogenetic analysis are shown adjacent to the corresponding clades in the tree. Sampling locations and haplotype frequency scale are shown in inset. The Bayesian phylogeny used unique haplotypes only (n = 135) and is shown with out-groups removed (R. hipposideros formed a monophyletic group). All mtDNA sequences (n = 373) were used in the Median-joining networks in which branch lengths are not proportional to base-pair changes (all changes are 1 base pair unless otherwise indicated).
mtDNA: demographic analysis
Isolation by distance was demonstrated for this species across its range (R 2 = 0.192, P < 0.001) and among the western populations (West clade; R 2 = 0.474, P < 0.001), but could not be estimated in additional clades due to insufficient population level sampling. Spatial and demographic models of population expansion were tested on all supported clades, as identified by the Bayesian analyses (Fig. 4) . The set of western populations alone produced a smooth unimodal mismatch distribution best fitting a model of demographic expansion [P SSD = 0.56, P Rag = 0.82, 95% CI Theta 0 (0-1.4), Theta 1 (4.57-99999)] approximately dated to 55 kyr (CI 47 502-71 253).
Microsatellite data: genetic diversity and population structure
One hundred and sixty four individuals were successfully genotyped at all eight loci. No departures from linkage and Hardy-Weinberg equilibrium were detected after Bonferroni correction, and no locus was found to be under selection. No evidence was found for the presence of null alleles, allelic dropout or scoring errors due to stutter. Measures of genetic diversity (Table S5 , Supporting Information; Fig. 2 ) for each population were highest in populations in the east of the species range (Cyprus, Lebanon), southern Iberia, north Africa and Slovenia whilst the lowest levels of diversity were found in populations at the northwestern edge of the species range (Ireland and Britain).
The PCA results based on allelic frequencies of populations (Fig. 5) showed some congruence with patterns of mtDNA structure (Fig. 4) . In particular, Spanish populations (from northern and southern Iberia) remained distinct both from each other and from all remaining populations. The first axis, which accounted for 33.9% of the total genetic variation between populations, distinguished the northwest European populations, East clade and east European populations, from the Iberian and Moroccan populations. The second axis (18%) defined two groups: an east European (Slovenian) group and all remaining populations. The third axis (14.5%) discriminated between the East populations (Cyprus, Lebanon) and all other populations. The main structuring on the fourth axis was between the Moroccan vs. all other populations (10.7%). F ST between populations illustrated that whilst Ireland, Britain and France (West clade) populations are geographically closest to Iberia, the F ST values between the West clade populations and the geographically more distant East clade and east European populations are generally equal to or lower than those between the Iberian and West clade populations (Table 4 ). The F ST value between populations in northern Iberia and southern Iberia was low, suggesting a significant exchange of migrants between these populations. The F ST values between populations in Iberia and those from Morocco were higher, suggesting limited exchange across the Gibraltar strait for this species. Similarly, estimates of genetic differentiation based on D est values (Table S6 , Supporting Information) show that levels of differentiation between geographically close populations are low, except in the case of the Iberian and northwest European populations (Ireland, Britain, France). There was strong support for a genetic discontinuity between the two Iberian populations and other west European populations (99.7%), decreasing to 88% between northern Iberia and France, with no subsequent barriers in our data set receiving even moderate support as estimated using BARRIER.
Discussion
Combining information from three diverse markers resulted in three distinct spatio-temporal snapshots of Rhinolophus hipposideros' demographic past. The nuclear intron data, as a consequence of its estimated low mutation rate, provide insights into the most ancient events, which occurred in this species' past. Highest diversity at this marker was found in geographic locations in the East (Turkey and further east). The intronic haplotype network suggests an eastern origin for the European and North African populations. An early colonization of Europe by this species agrees with fossil findings of R. hipposideros that have been dated from the Pliocene to the present (Storch 1974) . It is noteworthy that an early colonization event from the east (a West Asian refugium) was also reported for the congeneric species, R. ferrumequinum (Flanders et al. 2009 ), which has similar habitat requirements.
The mitochondrial data set is informative over time frames within the last million years and reveals several well-defined geographic clades, resulting from a split in the continental populations to refugia in multiple locations across the Mediterranean: northern and southern Iberia, Morocco, Tunisia, Southern Italy and Malta, Crete, the Balkans and one or more eastern locations. The results suggest that there are two lineages present in Bulgaria; one of which most likely originated from the Balkan refugium (closest to N. Iberia in Fig. 4 ) and a second lineage found within the West clade. Few of the relationships between clades were supported in the Bayesian analysis; therefore, the sister clade of the West is uncertain. Within the West clade, the network indicates equally diverse populations in southern France, central-north Italy/Slovenia and Greece, possibly indicating more recent and short-lived refugia in one or more of these areas, or reduced but interconnected populations across the northern Mediterranean. The presence of two distinct clades within North Africa (in Morocco and Tunisia) has been described in other mammals (Cosson et al. 2005; Biollaz et al. 2010; Gaubert et al. 2011) , and further sampling of R. hipposideros in Algeria is needed to assess possible contact between these two clades. The finding of multiple refugia in Iberia has also been described for diverse taxa (G omez & Lunt 2007) .
The genetically diverse refugial populations present in northern Iberia and the Ibero-Maghreb clade have remained within Iberia and North Africa (despite the extensive land connection between Spain and France), as is the case for many studied European mammal species (Bilton et al. 1998; Deffontaine et al. 2005; Kotlik et al. 2006; Vega et al. 2010) . One of several karyotypes within R. hipposideros has been described from Ja en, Southern Spain (Puerma et al. 2008 ) and the consequences of karyotypic variation within this species merit further study. It is possible that gene flow between karyotypic variants might be limited, and it would be of particular interest to study simultaneously gene flow and karyotypic variation among the same individuals from across Western Europe, including Iberia. The Pyrenees may act as a barrier to gene flow or to recolonization in some species, and this idea is Table 4 Pairwise F ST values between populations of Rhinolophus hipposideros in Europe, the Middle East and North Africa (lower diagonal) with 95% confidence intervals (upper diagonal). For population identity information, see Table S5 . Weir & Cockerham (1984) The Pyrenees and Alps, as well as water bodies, have all been shown to act as barriers of varying importance to the movement of several different bat species studied to date. For example, in some cases they act as impermeable barriers for highly vagile/migratory species (Castella et al. 2000; Ruedi et al. 2008) , and in other cases, allow for high levels of gene flow for sedentary species (Garcia-Mudarra et al. 2009 ). Myotis myotis (greater mouse-eared bat) can disperse over several hundreds of kilometres, but diverse lineages which occurred in the Italian peninsula during the quaternary glaciations have remained there (Ruedi et al. 2008) . Plecotus auritus (brown long-eared bat) utilized glacial refugia in Iberia and the Balkans, with lineages recolonizing from both refugia and coming into secondary contact in central Europe (Juste et al. 2004 ). R. ferrumequinum used at least two Mediterranean refugia (Iberia and/or Italy in addition to Balkans/Greece) and recolonized from both. Therefore, it is of utmost importance to ascertain the demographic history of individual species in Europe as it is not possible to predict species-specific barriers to gene flow, even when comparing closely related species.
At the mtDNA level, a northern cline in genetic diversity exists in Europe following the path of colonization from southern refugia (with the highest levels of diversity) to Ireland in the northwest (with the lowest levels of diversity). In addition to this, a significant signature of isolation by distance within the West clade and evidence of a population expansion event both reflect the recent recolonization of continental Europe by R. hipposideros from southern refugia following the LGM. The genetic diversity at the nuclear microsatellite level is concordant with the mtDNA analysis and showed that the highest levels of genetic diversity for this species are found in the refugial areas proposed by the mtDNA with lowest diversity in northwestern European populations. Whilst the timing of the formation of the refugial clades and population expansion could be tentatively dated, uncertainties in the mutation rates of markers incorporated into dating analysis require that any date estimations are taken with a degree of caution. Rates of molecular evolution have been shown to be lineage-specific, with two orders of magnitude variation in mutation rate reported within mammals for mitochondrial DNA (Nabholz et al. 2008) . Rates of molecular evolution have also been shown to be time-dependent, with faster rates of evolution reported for several taxonomic groups in intermediate or recent timescales (Ho et al. 2011) . If there has been a rapid decay in evolutionary mutation rate within this species similar to that described for humans (Henn et al. 2008) , then all estimated dates in this analysis would be significantly more recent. Further divergence estimates based on larger and more diverse data sets will be required to fully corroborate these dates.
As predicted, R. hipposideros was found to have a similar phylogeographic history to R. ferrumequinum in that both species were shown to have an early colonization of Europe from the east, and both species used at least two Mediterranean glacial refugia during the ice age. However, R. hipposideros also differs from R. ferrumequinum: microsatellite data suggest that R. ferrumequinum recolonized Europe from two Mediterranean refugia, resulting in a single dominant mtDNA haplotype across Europe (Flanders et al. 2009 ). R. hipposideros in contrast has high levels of geographic structuring in the form of distinct mtDNA clades. This could result from aspects of the ecology of R. hipposideros: it is known to be a sedentary species with most seasonal movements between 5 and 20 km (Roer & Schober 2001) with high roost fidelity and strong female philopatry. Alternatively, it might reflect the different genetic markers used in these two studies with faster evolving mtDNA regions detecting more finescale population structure (cytb-tRNA-control region was used in the present study whilst ND2 was used by Flanders et al. 2009 ). The Myotis nattereri (Natterer's bat) species complex has shown a similar phylogeographic pattern across Europe to R. hipposideros including refugia-within-refugia and refugia in the Maghreb and Mediterranean islands (Puechmaille et al. 2012a; Salicini et al. 2013) . In general, the phylogeographic pattern displayed by R. hipposideros follows the grasshopper paradigm (Cooper et al. 1995) and is similar to small mammal species studied to date (bank vole, European snow vole, common shrew; Deffontaine et al. 2005; Castiglia et al. 2009; Bilton et al. 1998) . Many European mammal species have also been found to have refugia in Anatolia or further east (hedgehog, lesser whitetoothed shrew; Santucci et al. 1998; Taberlet et al. 1998) . Interestingly, R. hipposideros is also somewhat similar to the tawny owl (Brito 2005) : like R. hipposideros a sedentary, nonmigratory species associated with deciduous woodland. The tawny owl used all Mediterranean refugia, in addition to north African and eastern refugia, but recolonized Europe from Balkans alone.
The findings of this study should be used to inform conservation management of this species. Because the refugial areas harbour the highest levels of genetic diversity, they should be of high conservation priority.
. Rebelo et al. (2010) found that species such as R. hipposideros will likely undergo range expansions northwards in the short term in response to climatic changes. However, by the end of the century, the Mediterranean peninsulas may become unsuitable for this species, and in the worst case scenario (a fossil fuel intensive model; Nakicenovic & Swart 2000) , the extinction of populations in southern Europe is predicted. This prediction does not take into account roost availability (one of the most limiting resources for bats) or specific foraging habitat requirements. R. hipposideros is, however, a highly adaptable species, surviving in vastly different habitat types from the semidesert areas of Sinai to the temperate wooded areas of Ireland and utilizes different roost types across this range (Dietz et al. 2009 ). Supposing more moderate levels of climate change, the long-term conservation of this species will still rely upon appropriate roost provision/protection and effective habitat management.
Conclusions
In summary, all three data sets indicate high levels of genetic diversity in the east of the species range. In agreement with fossil data, the nuclear intron data provide evidence for an ancient colonization of Europe by this species pre-dating the Quaternary ice ages and illustrates that the origin of this species is from the Middle East/Asia Minor. During the Pleistocene, R. hipposideros utilized multiple refugia across the Mediterranean in addition to an eastern refugium and recolonized central and northern Europe from either the Balkan refugium and/or from more recently formed and short-lived refugia in the northern part of the Mediterranean (e.g. Southern France, Northern Italy). Whilst the microsatellite data are not used directly to infer phylogeography, they are used to estimate modern day population differentiation for groups which had shown divergence at the mtDNA level. This study further illustrates the importance and benefits of utilizing a multi-marker approach when addressing phylogeographic questions.
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Table S3
Pairwise Φst values between supported mtDNA clades of R. hipposideros (lower diagonal) with associated P values (upper diagonal). Significant values (<0.05) are highlighted in bold.
Table S4
Estimates of divergence times of supported mtDNA clades of Rhinolophus hipposideros. BPP, Bayesian Posterior Probability. tmrca, (time to most recent common ancestor) statistic generated from BEAST phylogenetic analysis (Fig. 4) . HPD, (Highest Posterior Density), a credible set that contains 95% of the sampled values. Geological series & stage (Cohen & Gibbard 2011 Global chronostratigraphical correlation table for the last 2.7 million years. Subcommission on Quaternary Stratigraphy International Commission on Stratigraphy, Cambridge, England).
Table S5
Genetic diversity indices for 8 microsatellite loci in populations of R. hipposideros. Site (see Table 1 , Fig. 1 ), N (number of individuals), H E , H O (expected and observed heterozygosity), FIS (inbreeding coefficient), R (allelic richness; based on a minimum sample size of 3 diploid individuals). Sample sites are coloured according to geographic origin (see Fig. 3 & 4) .
Table S6
Estimates of genetic differentiation based on microsatellite loci in populations of Rhinolophus hipposideros in Europe, the Middle East and North Africa based on Dest (Jost 2008) ; (For population identity see Table S5 ). 
